Recently we constructed a murine IgE phage surface display library and screened out two IgE (Fab) clones with specific binding activity to Trichosanthin (TCS). In this work, the Vε and Vκ genes of the two clones were sequenced and their putative germline gene usages were studied. On the basis of the known 3D structure of Trichosanthin and antibody, molecular modeling was carried out to study the antigen-antibody interaction. The possible antigenic determinant sites on the surface of TCS recognized by both the clones Were analyzed, and the reaction forces between TCS and two Fab fragments were also analyzed respectively.
INTRODUCTION
In previous paper we had constructed a murine IgE phage surface display library for screening out high affinity anti-TCS IgE clones in the study of the antigenic determinants recognized by IgE. Two TCS-specific clones have been screened out from the library. One of them bound TCS with high specificity and the other was lower. In this paper we sequenced their Vε and Vκ genes and their putative germline gene usages were also analyzed. Since the ordinates of TCS and antibody are known [l, 2] , molecular modeling was used to study the TCS-IgE (Fab) interaction and the antigenic determinants that anti-TCS IgEs recognize. Because only a few crystal complexes composed of antigen-antibody have been successfully performed, molecular modeling is particularly useful in studying Ag-Ab interaction when crystal complex is not available. The antigenic determinants on TCS were predicted and the interaction between TCS and the two Fab clones were analyzed. These results were also compared with those obtained by us from anti-TCS IgE hybridomas [3, 4] .
MATERIAL AND METHODS

Plasmids
Two Fob clones, Fab 2 and Fab 7, which contained Vε and Vκ , were established in our laboratory [5] . Both clones showed specific binding to TCS, and Fab 7 had higher binding activity.
Sequence determination
Plasmid DNAs were extracted by alkaline method, and the sequences were determined by the dideoxy (Sanger) sequencing method [6] , using a TaqTrack Sequencing Kit (Promega). For each determination two to three independent gene clones were analyzed until consistent results were obtained. The sequences were analyzed with the DNA sequence database (National Center for Biotechnology Information, NIH). The complementary determing region (CDR) and framework region (FR) in deduced amino acid sequences were defined according to Kabat et al[7] .
Establishment of the 3D model of the two Fab clones
First, from the PDB data base one antibody sequence, 4FAB, which has the highest homology with our Fab clones, was chosen for the initial model. Second, all nonconserved amino acids within the 4FAB were changed to the corresponding residues in Fab 2 or Fab 7 by using software package TURBO. Third, the bad side-chain interactions were adjusted via molecular mechanics method. Finally, the revised model was subjected to further refinement of molecular dynamics and energy minimization by using X-plor software package. Thus the models of the two Fab clones were established for study.
The model building, energy minimization and the following study of interaction between TCS and Fabs were performed on a Silicon Graphics Iris Indigo2 workstation using the software packages TURBO and X-plor.
The prediction of antigenic determinants on TCS
The surface regions on TCS molecule complementary to that of the antigen-binding pocket formed by the CDRs of the two Fabs were examined. The side chain conformation was modified for reasonable interaction between residues of TCS and Fab in these regions, chiefly the hydrogen bonds and the van der Waals contacts (or especially those regions rich in hydrogen bonds). The surface regions of TCS that could well fit the antigen-binding pocket of Fab were taken as the possible antigenic determinant. Adjustment of the side chain conformation and the energy minimization of the whole structure were further performed.
RESULTS
Sequence analysis
The VH and VL gene sequences of Fab2 and Fab7 are listed as follows. Their comparison with putative germline genes are also given. For Fab2, the putative germline gene segments used by V region gene (V, D, J) of heavy chain were VH124 of J558 family[8], DSP2.2, and JH3 respectively, and its light chain used OX1-1 of VK4 family and JK1 (Fig 1) . For Fab7, the putative germline gene segments used by heavy chain gene for its V, D, J were 2F2.7 of J558 family, DSP2.9, and JH2 respectively. The Fab7 light chain used VK OX1-1 of VK4 family and JK1 (Fig 2) . Two molecular surface regions in TCS were found to form extensive interactions with the CDRs of the two Fabs. They were thus to be predicted as the possible antigenic determinants, or allergenic determinants, on TCS. The first region is a discontinuous one, composed of Thr204 -Glu210 and Thr226-Asn227, which are brought together by folding of the TCS polypetide chain to form an antigenic determinant. The second region is continuous, Lys173-Thr 178. The side chains of the residues in these two regions of TCS have formed a number of Hbonds with the polar amino acid residues from L1, L3, H2, H3 of CDRs of the two Fabs. In addition, the CDR3 region of Fab2 is relative long and contained a plenty of aromatic amino acid. between the two regions of TCS and Fabs, which supports the possible presence of antigenic determinants on region 1 and region 2 of TCS.
The molecular model of two Fabs and their complementarity to TCS
The analysis of hydrogen bonding interactions between two Fabs and TCS
DISCUSSION
Germ-line gene usages of the Fabs
From the results here, we found that the two VH genes of heavy chains were all from J558 family but different germ-line gene segments, while the VL gene of light chain used the same germ-line gene segment OX1-1 of VH4 family and the same Jk gene segment JK1. The heavy chain usages showed variation, but light chain gene usags were more conserved. This result is quite similar to our previous results from hybridomas [3] , although one was resulted from in vivo produced IgE rescued in hybridomas and one was from in vitro assembled Fabs. It supports our previous proposal that in anti-TCS IgEs, light chain may play more important role in binding to TCS than heavy chain. However, further investigations are needed.
Considerations in searching for the antigenic determinant on TCS
In searching for the antigenic determinant, several factors should be considered: 1) The determinant should protrude from the molecule surface. 2) There should be no obvious space block if it binds to the Fab fragment. 3) A number of non-bond reaction forces should be formed between Fab and antigen, such as hydrogen bonding or van der Waals force. Having examined the surface of the TCS molecule, we found that there were two sites that might be the antigenic determinants. After the Ag-Ab complex models were established, the analysis of H-bonding indicated that quite a number of H-bonds would be formed between them. In comparison with region 2 as determinant, region 1 was of more possibility, since the space structure of region 1 is 
In vivo antibody repertoire and in vitro antibody library
From the comparison of the available antibody structures and their sequences, the "canonical structure model" has been proposed. Antibodies have only a few main-chain conformations for each hypervariable region, and most sequence variation would modifiy the surface provided by the side chains. Based on these surface changes resulted from sequence variation, different antigen combining sites are formed and hence different antigen recognition activity due to complementarity and mutual interaction forces. The relationship between structure and antigen recognition in Ag-Ab interaction is applicable to both in vivo and in vitro generated antibodies. During the in vivo generation of diversity, the pairing of different heavy chains with different light chain is also one of the important mechanisms. A specific antibody profile induced in an in vivo immune response is due to the selection by antigen of the specific antibody clones from the B lymphocyte repertoire. In phage antibody library, the VH in Fab is from the heavy chain V gene of a B cells and so does the VL. In a word, all the VH, VL genes in phage library come from vivo . The only difference is the light chain gene and heavy chain gene are assembled at random in vitro . They are not the original VH-VL pair in a B cell. However, since the antigen selection princple can also be applicable to in vitro , therefore we think that the specific antibodies screened out from a phage library could reflect the properties of in vivo antibody profile at least to a certain extent.
Aromatic amino acids and polyreactivity
In other report [9] involving analysis of the polyreactive IgEs, it showed that the CDR3 region of these antibodies contained more aromatic amino acid residues. Aromatic amino acids in CDR3 may play a significant role in polyreactivity of these antibodies. It can provide several forces for antibody binding, such as π-π stacking, H-bond, and van der Waals force. Therefore, it was suggested that the presence of more aromatic amino acid in CDR3 region was responsible for the polyreactivity of these antibodies. In Fab 2, there are more aromatic amino acid residues in CDR3 in comparison with that in Fab 7. Fab 2 bound TCS with lower ELISA value in our previous report [5] , while its nonspecific binding with other antigens (OVA, BSA) were higher. The richness of aromatic amino acid residues in CDR3 of Fab 2 may provide an explanation to its lower affinity to TCS.
